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Abstract
The lubrication design and heat transfer determination of bearing chambers in aeroengine require a sufficient understanding of 
the oil droplet-film interaction and physical characteristic in an oil/air two-phase flow state. The analyses of oil droplet move-
ment, mass and momentum transfer during the impingement of droplet/wall, as well as wall oil film thickness and flow velocity 
are very important for the bearing chamber lubrication and heat transfer calculation. An integrated model in combination with 
droplet movement, droplet/wall impact and film flow analysis is put forward initially based on the consideration of droplet size
distribution. The model makes a contribution to provide more practical and feasible technical approach, which is not only for the
study of droplet-film interaction and physical behavior in bearing chambers with oil/air two-phase flow phenomena, but also 
useful for an insight into the essence of physical course through droplet movement and deposition, film formation and flow. The
influences of chamber geometries and operating conditions on droplet deposition mass and momentum transfer, and wall film 
thickness and velocity distribution are discussed. The feasibility of the method by theoretical analysis is also verified by the ex-
isting experimental data. The current work is conducive to expose the physical behavior of wall oil film configuration and flow
in bearing chamber, and also significant for bearing chamber lubrication and heat transfer study under oil/air two-phase flow 
conditions.
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Nomenclature
b width of bearing chamber 
d diameter 
g acceleration of gravity 
h height of oil film 
K splashing parameter 
L oil mass flow rate supplied to bearing chamber 
m mass 
N number of secondary oil droplets 
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S spread parameter 
s internal surface area of bearing chamber 
t time 
u,u  velocity vector, velocity 
w angular velocity 
- surface tension coefficient 
U density 
K mass deposition efficiency of oil droplets 
Omomentum transfer efficiency of oil droplets 
Vstandard deviation 
Pfluid dynamic viscosity 
Wshear force 
Subscripts
d droplet 
i   discrete interval Open access under 
CC BY-NC-ND license.
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int interface of oil/air 
q    air phase 
r    radial component 
s   secondary oil droplet 
sdc  deposited secondary oil droplets  
t    tangential component 
w  wall 
z   axial component 
Superscripts
( )   mean value 
1. Introduction 
Aeroengine bearing chamber, which is one of the 
important shaft supporting system components, has a 
decisive influence on performance characteristics and 
capabilities of modern jet engine. The pressurized air 
used for sealing and the oil used for lubrication and 
cooling generate extremely complex two-phase flow 
conditions in bearing chamber. It leads to the difficulty 
of the lubrication design and heat transfer analysis as 
well as the related accessory system and secondary air 
system designs. The oil sheds from bearing rotational 
elements in the form of oil droplets and transforms to 
oil film. The oil flow is the main way to lubricate and 
cool the main shaft bearings. Study on the configura-
tion and flow of oil film in bearing chamber is the fun-
damental work of designing the bearing chambers as 
well as the cooling and lubricating system. 
A lot of researches have been conducted to study the 
characteristics of oil film. Wittig, et al.[1-2] developed 
an ultrasonic measuring technique, by using the reflec-
tion difference of ultrasonic waves reaching the con-
tact surface of steel and oil to get oil film thickness. 
Based on the boundary conditions measured by Laser 
Doppler Velocimeter (LDV), a force balance of oil 
film was investigated and the effects of rotational 
speed and lubricant oil flow on the velocity and thick-
ness of the oil film were discussed by Glahn et al.[3-4]
Gorse et al.[5] utilized capacitive sensors and LDV 
method to measure the wall film thickness and flow 
velocity in various geometries of bearing chamber for 
a wide range of engine relevant operating conditions, 
but the measurement points were only positioned at 
limited circumferential locations. Farrall, et al.[6] ana-
lyzed the influences of the boundary conditions im-
posed at the scavenge and vent ports on the distribu-
tions of film thickness and velocity, and observed that 
these distributions were more sensitive to the scavenge 
port boundary conditions. The study of oil droplet 
movement on oil film formation was performed almost 
at the same time. A typical research method began with 
the analysis of pure air flow field, and droplet charac-
teristics measured by experiments were superimposed 
with the gaseous phase flow as the initial condition. 
The droplet movement and droplet/wall impact were 
simulated and analyzed. The studies performed by 
Glahn and Farrall et al. were all following this idea 
[6-16], and their work involved numerical simulations of 
the individual size droplet trajectories and velocities in 
the gas phase field, the process of droplet/wall impact 
and oil film deposition. 
The above-mentioned works have several limita-
tions. Firstly, the study involves the oil droplet move-
ment and oil film formation, but does not investigate 
the thickness and velocity distribution of oil film. The 
analysis of oil film thickness and flow velocity de-
pends on the limited experiments rather than system-
atic investigation of oil droplet-film interaction in or-
der to determine the initial conditions. The experi-
ments, which take into account different chamber ge-
ometries in various operating cases, are very costive; 
moreover, adequate and accurate data are difficult to 
be obtained because of limited measurement tech-
nique. All these factors result in the fact that the actual 
initial condition is difficult to be obtained. Secondly, 
the analysis of oil droplet movement and deposition is 
based on individual droplet size, which is quite differ-
ent from the actual condition. This will influence the 
accuracy of the theoretical model, and make it difficult 
to be applied to a wide range of geometry and operat-
ing conditions of bearing chambers. 
In the present paper, the droplet mass deposition and 
momentum transfer have been investigated during the 
impingement of droplet/wall by introducing the oil 
droplet size (mass) distribution function. The distribu-
tions of oil film thickness and velocity have been ana-
lyzed under given chamber geometries and operating 
conditions. A new method, which integrates the re-
searches of oil droplet movement, droplet impinge-
ment and deposition as well as the flow behavior of oil 
film, is put forward for analyzing the physical proper-
ties of oil droplets and oil film under oil/air two-phase 
flow conditions. The present work is meaningful to 
interpret the oil/air two-phase lubrication mechanism 
in aeroengine bearing chambers.  
2. Configuration of Bearing Chamber 
A typical of configuration of aeroengine bearing 
chamber is shown schematically in Fig.1. Unless oth-
erwise stated, the primary configuration parameters are 
as follows: outer diameter of bearing internal ring 
d1=124 mm, housing inner diameter d2=180 mm,  
Fig.1  Schematic of bearing chamber. 
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chamber width b=20 mm, diameter of vent or scavenge 
port d=12 mm. As shown in Fig.1, the scavenge port of 
the chamber is located at T =0°(360°), and the vent 
port of the chamber is located at T =180°.
3. Oil Droplet Movement and Deposition
3.1. Droplet movement in gaseous phase flow field  
The oil droplets shed from bearing element are very 
small compared to the dimension of bearing chamber. 
Therefore the oil droplets moving in bearing chamber 
are primarily affected by air resistance, and droplets 
trajectories and velocities are changed at all time. In 
the cylindrical coordinates shown in Fig.1, the kine-
matic equations of oil droplet in tangent, radial and 
axial direction can be deduced from theorem of mo-
mentum as follows: 
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where md is mass of oil droplet; Cd is drag coefficient 
and its expression is presented in Ref.[17]; A is wind-
ward area of droplet; Uq is density of air phase; uq and 
ud are velocity vector of air phase and oil droplet re-
spectively; uqt, uqr and uqz are tangent, radial and axial 
velocity of air phase respectively; udt, udr and udz are 
tangent, radial and axial velocity of oil droplet respec-
tively. 
For the ith time step ǻt of oil droplet movement, 
whose initial time and end time are represented with 
subscripts “0” and “1” respectively, the position and 
velocity at the end time can be calculated if the posi-
tion and velocity at the initial time and other relative 
parameters of oil and air are given. The velocity rela-
tionship of oil droplets at the initial and end time for 
the ith time step can be described by the discrete form 
of Eq.(1). The discrete form of Eq.(1) is presented as 
Eq.(2). The tangent velocity d 1
i
tu , radial velocity d 1
i
ru
and axial velocity d 1
i
zu of oil droplet at the end time for 
the ith time step can be calculated by 
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The velocity of oil droplets at the end time in the ith
step will be used as the velocity at the initial time in 
the (i+1)th step. But a coordinate transformation is 
needed to obtain the new coordinate system for calcu-
lating velocity of droplets in the (i+1)th step. The co-
ordinate transformation of velocity is as follows:  
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The tangent, radial and axial displacements (dl, dr
and dz) as well as angular displacement dș of oil 
droplet in the ith time step can be calculated with  
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The radial coordinate 1
ir , angular coordinate 1
iT  and 
axial coordinate 1
iz  of oil droplet at the end time in the 
ith time step are  
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Fig.2 shows the calculation relationship of velocities 
and displacements of oil droplet in the ith time step. 
Fig.2  Velocities and displacements of oil droplet in the 
ith time step. 
With the velocity and position of the oil droplet at 
end time in the ith time step (the same as those at the 
initial time in the (i+1)th time step), calculation about 
the (i+1)th time step can be conducted. In this way the 
trajectories and velocities of oil droplets in bearing 
chamber and the moving state of oil droplets before 
impacting on the chamber wall can be obtained under 
the initial conditions after the oil droplets are shed 
from bearing.  
3.2. Mass and momentum transfer during impinge-
ment
Moving droplets will be resisted by different air re-
sistant effects due to their diameter difference, and
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lead to the different velocities and momentum of oil 
droplets when the oil droplets impinge on the chamber 
wall.  As a result, different impact statuses are also 
established which could be classified by the splashing 
parameter K[10]. Two impingement situations of oil 
droplets have been investigated, including the oil 
droplets depositing directly and the break-up oil drop-
lets producing many secondary droplets. The mass of 
direct depositing droplets transfers to oil film, but only 
tangent momentum component of direct depositing 
droplets transfers to oil film because radial momentum 
component loses in the process of impingement. De-
posited mass and tangent momentum component of 
break-up oil droplet transfer to oil film. The splashed 
part of break-up oil droplet forms some smaller sec-
ondary droplets in which some larger secondary drop-
lets may be deposited again and other smaller ones are 
air-suspended and discharged from the vent port. The 
velocity of secondary droplets is disordered when de-
posited, and no momentum of secondary droplets 
transfer to oil film, for their momentum neutralizes 
each other to zero. The film mass transferred from oil 
droplets is made up of the mass of direct deposited 
droplets, the deposited mass of break-up oil droplets 
and the subsequent deposited mass of secondary drop-
lets. The film momentum is made up of the tangent 
momentum of direct deposited droplets and that of 
deposited part of break-up oil droplets. 
The mass deposition efficiency of oil droplets K is 
defined as the ratio of the deposited mass of oil drop-
lets to the mass of the oil droplets. For direct deposited 
droplets, K =1. In the case that the oil droplets break 
up then come into secondary oil droplet case, K is ex-
pressed as[10]
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The momentum transfer efficiency of oil droplets O
is defined as the ratio of the momentum of oil film 
transferred from the deposited oil droplets to the mo-
mentum of oil droplets when shed from bearing. It is 
expressed as 
d
1
d0
tzu
u
O K                   (8) 
where udtz is the tangent velocity of oil droplets when 
impacting on chamber wall, ud0 the initial velocity of 
oil droplets when shed from bearing, and K1 mass 
deposition efficiency without secondary oil droplets. 
4. Deposited Mass and Momentum of Oil Droplets 
4.1. Droplet mass distribution 
The influence of droplet size distribution on depos-
ited mass and momentum of oil droplets is identical to 
that of droplet mass distribution for spheric droplets. 
The mass distribution of oil droplets in bearing cham-
ber can be expressed by Rossin-Rammler (R-R) func-
tion[18]:
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where d  is the characteristic diameter of mass distri-
bution and has a physical meaning that the ratio of 
summarized mass of oil droplets whose diameters are 
larger than d  to the total mass of all the oil droplets is 
36.8%; The values of d  and S have a close relation-
ship with the operating parameters of bearing chamber 
and can be fitted as Eq.(10) and Eq.(11) based on the 
numerical analysis[19].
0.6112 3
6 d 12.13 10
w d
d
U
-
§ · u ¨ ¸¨ ¸© ¹
        (10) 
0.144 52 3
d 127.7
w d
S
U
-
§ · ¨ ¸¨ ¸© ¹
         (11) 
4.2. Deposited mass and momentum of oil droplets 
The diameter range of oil droplets [ddmin, ddmax] is 
divided into n equal intervals and the impacting state is 
estimated for the oil droplets whose diameters are in 
the interval [ddi, ddi+1]. The deposited mass per unit 
time 
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where Ki is mass deposition efficiency of oil droplets 
in relevant interval, and the subsequent deposited mass 
is involved for the secondary oil droplets circum-
stance. The subsequent depositing mass of secondary 
oil droplets msdc is expressed as 
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where the value of integral lower limit was presented 
in Ref.[20]. g2(ds) is the total distribution density of 
secondary oil droplets corresponding to different di- 
ameters and is expressed as[10]
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In the same way, the momentum of oil film trans-
ferred from deposited droplets per unit time pc is ex-
pressed as  
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5. Oil Film Thickness and Velocity 
Since the oil film is thin compared to the dimension 
of bearing chamber, the oil/air interfacial shear stress 
along the chamber circumference is treated as a con-
stant. The pressure difference and acceleration inside 
oil film are neglected. The oil film has no movement in 
axial direction owing to the circumference movement 
of rotating elements. Take the oil film section at ș po-
sition in the bearing chamber as the investigation sub-
ject (the arc section corresponds to dT in Fig.1). At 
high rotational speed (12 000 r/min), the momentum 
of oil film can overcome the gravity and wall shear 
force, and drag oil film along the chamber wall. The 
oil film force balance is described in Fig.3. At low 
rotational speed (9 000 r/min), the movement of oil 
film at right side of the chamber is in the direction of 
gravity force, and the oil film force balance is also 
shown in Fig.3. But the movement of oil film at left 
side of the chamber is opposite to the bearing rota-
tional direction because of small oil/air interfacial 
shear force and oil film momentum. The oil film force 
balance is presented in Fig.4.   
Fig.3  Force balance at high rotational speed. 
Fig.4  Force balance at low rotational speed. 
The force equilibrium equations of oil film section 
in tangent direction at high and low rotational speed 
are presented as follows respectively: 
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where Fs is equivalent force and can be calculated by 
the momentum of deposited oil film per unit area, Wint
can be replaced by the interface shear force between 
gas and chamber wall for the thinner oil film, Ww can be 
deduced with Newton’s law and the assumption that 
the oil film velocity along thickness direction is dis-
tributed in parabola form. Eq.(16) and Eq.(17) can be 
transformed to  
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The oil droplets shed from the bearing inner ring 
eject to the chamber wall uniformly and form oil film. 
The film driven by oil/air interfacial shear force and 
gravity flows along the chamber wall. The film is thin 
in the upper region and thick in lower region of the 
flow. This implicates that the oil film volume flow 
varies at different circumferential locations of chamber 
wall. By using mass conservation law, the oil film 
mean velocity distribution at high rotational speed is 
defined as  
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The oil film mean velocity distribution at low rota-
tional speed is defined as 
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The oil film thickness distribution h(ș) and the mean 
velocity distribution ( )u T  at high and low rotational 
speeds are obtained by the simultaneous solutions of 
Eq.(18) and Eq.(20) as well as Eq.(19) and Eq.(21) 
respectively. 
6. Results and Discussion 
The parameters adopted in the analysis, unless oth-
erwise specified, are as follows: a sealing air flow of 
mg=10 g/s, oil mass flow rate supplied to bearing cham-
ber of L=0.026 5 kg/s, oil density of Ud = 954 kg/m3, oil 
surface tension coefficient of - = 0.036 N/m, inner di-
ameter of bearing chamber of d2=0.18 m, outer diameter 
of bearing internal ring of d1=0.126 m, rotational speed 
of n=12 000 r/min.
6.1. Influences on deposited mass and momentum of 
oil droplets 
The influences of rotational speed and housing inner 
diameter on deposited mass and momentum of oil 
droplets per unit time are presented in Figs.5-6 respec-
tively. 
Fig.5 shows that the deposited mass per unit time mc
and the first deposited mass mc1 (without deposition of 
secondary oil droplets) decrease with increasing rota-
tional speed. The first deposited mass is very small, 
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which means that the amount of secondary oil droplets 
is very large and the deposited mass of secondary oil 
droplets is dominant. This phenomenon is more evi-
dent as the rotational speed increases because higher 
velocity impact will easily break up the oil droplets, 
producing much more secondary oil droplets. In addi-
tion, due to the fact that a part of secondary oil drop-
lets in small size exit through vent port, the oil in the 
bearing chamber loses with the increasing rotational 
speed and the deposited mass is decreased. Fig.5 
shows that the momentum of oil film transferred from 
deposited droplets per unit time pc increases with in-
creasing rotational speed, which can be attributed to 
the effect of increasing tangent velocity when the oil 
droplets impinge on the chamber wall. 
Fig.5  Effects of rotational speed on deposited mass and 
momentum. 
Fig.6 shows that with the increasing housing inner 
diameter, the first deposited mass per unit time de-
creases but the total deposited mass is nearly un-
changed. The reason can be explained as follows: as 
housing inner radius increases, the impacting time of 
oil droplets is delayed and the impacting angle be-
tween the droplet velocity and the chamber wall is 
increased; the radial velocity of oil droplets is in-
creased and the oil droplets are easy to be broken, thus 
producing more secondary oil droplets; the first depos-
ited mass is decreased consequently. Since most of the 
secondary oil droplets will be deposited again and 
form oil film, the number of secondary oil droplets 
Fig.6  Effects of chamber inner radius on deposited 
mass and momentum. 
which exit through the vent port is very small. There-
fore, the total deposited mass exhibits no evident 
changes. Fig.6 also shows that the momentum of oil 
film transferred from deposited droplets decreases with 
increasing housing inner diameter. 
6.2. Influences on thickness and average velocity of 
oil film 
Fig.7 shows the distributions of oil film thickness 
and average velocity along the chamber circumference 
at two rotational speeds. The oil film thickness on the 
left side decreases but a contrary phenomenon is ob-
served on the right side with T increasing at n=
6 000 r/min. At low rotational speed the oil film is 
driven by its gravity, accumulates and exits through 
scavenge port finally. For the same reason, the average 
velocity of oil film on the left side of chamber wall is 
negative, which attributes to that the oil/air interfacial 
shear force and the deposited film momentum are not 
high enough to overcome film gravity, and the oil film 
is driven by the gravity and flows toward the scavenge 
port. When n=12 000 r/min, the oil film thickness of 
chamber wall is increased as T increases. At high rota-
tional speed, the oil film average velocity shows the 
same distribution because of the drag effect of oil film 
momentum and oil/air interfacial shear force. The dis-
tributions of film thickness and film average velocity 
show sudden changes at T = 0°(360°) and T =180° due 
to the effects of scavenge and vent port of the chamber. 
Fig.7  Effects of rotational speed on oil film thickness 
and average velocity. 
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Fig.8 shows the distributions of oil film thickness and 
average velocity along the chamber circumference with 
different lubrication oil flows. Lubrication oil flow has 
a limited influence on the oil film thickness but an evi-
dent influence on the average velocity of oil film at n=
12 000 r/min. The average velocity of oil film increases 
with the increasing lubrication oil flow because the in-
creased lubrication oil flow enhances the deposited 
momentum and accelerates the transport of oil film. 
Fig.8  Effects of lubrication oil on oil film thickness and 
average velocity. 
The distributions of oil film thickness and average 
velocity along the chamber circumference with differ-
ent housing inner radii are presented in Fig.9. Obvi-
ously, with the increasing housing inner diameter, oil 
film thickness increases while the average velocity of  
oil film decreases. The reason lies in that increasing 
housing inner diameter extends the movement routes 
of oil droplets, thus decreasing the impacting velocity 
Fig.9  Effects of chamber inner radius on oil film thick-
ness and average velocity. 
and the momentum transferred to oil film. The reduc-
tion of average velocity of oil film results in the fact 
that the oil film accumulates and the oil film thickness 
increases consequently.  
6.3. Comparison of theoretical and experimental re-
sults
With the similar bearing chamber geometries in 
Ref.[5], the distribution of oil film thickness was calcu-
lated under the operating conditions of n=12 000 r/min, 
L=0.026 50 kg/s and L=0.053 00 kg/s and compared 
with the experimental results in Ref.[5] (see Fig.10). 
Obviously, there is a good agreement between theo-
retical results in the present paper and experimental 
results in Ref.[5], except that the theoretical results are 
slightly larger than the experimental results. The rea-
son of this inconsistency is probably that the balancing 
state between entering flows and exit flows of the oil is 
difficult to be determined, which needs further study.  
Fig.10  Comparison between theoretical results and ex-
perimental results. 
7. Conclusions
(1) An integrated model involving oil droplet move-
ment, mass and momentum transform of droplets when 
impinging the chamber wall, as well as the flow 
behavior of oil film is introduced for analyzing the 
physical properties of oil droplets and oil film under 
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oil/air two-phase flow conditions. 
(2) Rotational speed and housing inner diameter 
have influences on the oil droplets deposited mass and 
momentum per unit time. Oil film mass is primarily 
dominated by secondary deposited mass. The depos-
ited oil film momentum is related to the impacting 
velocity and azimuth of oil droplets and increases with 
increasing impacting velocity and azimuth. 
(3) The oil film thickness distribution is of much 
concern to bearing rotational speed compared to lubri-
cant oil flow and housing inner diameter. A similar 
situation is also appeared for oil film average velocity 
distribution. Increasing rotational speed thins the oil 
film out and increases oil film velocity. The increase of 
lubricant oil flow and decrease of housing inner di-
ameter help to accelerate oil film flow. 
(4) Comparison between the theoretical results and 
experimental results shows the correctness and validity 
of the theoretical model. The necessity and possible 
ways to modify the theoretical model are also made 
clear. 
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